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INTRODUCTION 
Nitrogen (N) is a vital element for plant growth. It not only 
influences grain production but also increases grain protein content of 
the cereals (Johnson et al., 1967). Uptake and partitioning are two 
major physiological reactions involved in N utilization by plants. 
N partitioning is the ratio of grain to total plant N which is known as 
nitrogen harvest index (NHI) (Austin et al., 1977). 
Recently, two reports have shown an association of NHI with adapta­
bility of oats (Avena sativa L.) lines to low or high levels of soil N. 
Fawcett and Frey (1982) found specific adaptation of low NHI lines to low 
N soil and high NHI lines to high N soil. Likewise, Rattunde and Frey 
(1986) found that high NHI lines are especially responsive to soil with 
high N. This association between NHI and responsiveness to soil N sug­
gests that NHI may be a valuable trait for use when selecting oat lines 
for production under high productivity conditions. 
Therefore, this study was undertaken to (a) assess the effects of N 
availability in the soil on NHI and (b) evaluate the degree of association 
between NHI and grain yield characteristics of random lines of oats 
tested across environments with varying levels of soil N. 
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LITERATURE REVIEW 
Nitrogen Harvest Index 
Nitrogen (N) uptake in cereals occurs primarily during vegetative 
growth with subsequent remobilization and translocation to the grain. 
Fawcett (1980) reported that N uptake in oats (Avena sativa L.) ceased 
soon after anthesis, and straw protein showed a steady decline from 25% 
during tillering to 5% at maturity. Cross and Haslemore (1979) found 
that the protein content of the grain of wheat (Triticum aestivum L.) was 
influenced by the level of vegetative N at anthesis, and working with oats 
and wheat, respectively, Fawcett (1980) and Johnson et al. (1967) reported 
rapid increases of grain N following anthesis. Cataldo et al. (1975), 
working with oats, found that more than 75% of grain N was derived from 
N of vegetative tissue, but Peterson et al. (1975), also working with 
oats, found that only 24 to 47% of grain N was derived from vegetative 
tissue. 
The ability of a plant to translocate N from vegetative tissue to 
grain is indexed as the ratio of grain N to total plant N. This ratio 
has been called "nitrogen harvest index" (Austin et al., 1977; Canvin, 
1976), "nitrogen translocation efficiency" (Halloran, 1981), and 
"nitrogen translocation percentage" (Bailing and Loyn, 1975). Nitrogen 
harvest index (NHI) will be used in this study. 
Since a large portion of grain protein is derived from N transloca­
tion from vegetative tissue. Bailing and Loyn (1976) suggested that se­
lecting for high NHI could improve grain protein yield. NHI is highly 
variable among genotypes of spring wheat (Beech and Norman, 1968), winter 
wheat (Austin et al., 1977) and oats (Wiggans and Prey, 1956; Fawcett and 
Frey, 1982). According to Desai and Bhatia (1978), NHI of durum wheat 
(T. durum L.) ranged from 57 to 80%, and Fawcett and Frey (1982) reported 
that NHI ranged from 25 to 51% and 42 to 67% in A. sterilis and A. sativa, 
respectively. These data led Fawcett and Frey (1982) to conclude that NHI 
could be manipulated up or down via selection. Austin et al. (1977) 
reported that heritability of NHI of winter wheat was 61%, and Rattunde 
and Frey (1986) found realized heritability was 101% for high and 85% 
for low NHI lines when selected in a high N environment. 
A significant genotype x N level interaction for NHI was found for 
wheat by Halloran (1981). Also, Fawcett and Prey (1982) found a sig­
nificant interaction between genotype and N level for wild oats (A. 
sterilis L.) but not for cultivated oats. Rattunde (1984) tested 20 oat 
lines across two N levels and found a nonsignificant genotype x N level 
interaction for NHI. 
Generally, as soil N level increases, NHI is reduced (Wiggans and 
Prey, 1956; Fawcett and Prey, 1982). For example, Cross and Haslemore 
(1979) reported that NHI of wheat was 82%, 82%, and 65% in low, medium, 
and high N soils, respectively. The degree of reduction depends, however, 
upon the genotypes tested. For example, Rattunde and Frey (1986) found 
that the reduction from low N to high N soils was nine units for low NHI 
lines and only three units for high NHI lines. Fawcett and Frey (1982) 
suggested that the reduction of NHI on high N soil may occur because the 
high N stimulates a greater increase in vegetation than in grain. Because 
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Rattunde and Frey (1986) found that oat lines showed a greater range 
of NHIs and consistency of NHI values when tested at a high N level, they 
suggested that selection for NHI would be most effective when done at high 
soil N. Soil moisture also may affect NHI expression. According to 
McNeal et al. (1968), NHIs for spring wheat cultivars averaged 66% under 
irrigation and 75% on dry land. Spratt and Casser (1970), working with 
wheat, found that only 15% of N remained i;i the straw when moisture was 
adequate but 75% remained under drought conditions. 
NHI is associated with grain and straw protein yields. For wheat, 
Bailing and Loyn (1976) reported that correlations between NHI and grain 
protein yield ranged from 0.40 to 0.64. Also, positive correlation be­
tween NHI and grain protein yield has been reported for oats (Fawcett 
and Prey, 1982). Straw protein yield and NHI were negatively correlated 
in cultivated oats (Cox and Frey, 1978; Fawcett and Frey, 1982) and un-
correlated in wild oats (Fawcett and Prey, 1982). NHI was independent 
of plant protein yield in oats (Fawcett and Frey, 1982) and durum wheat 
(Desai and Bhatia, 1978). After reviewing many studies, Fawcett and 
Frey (1982) and Desai and Bhatia (1978) concluded that N uptake and N 
translocation in cereals involved different physiological processes, 
probably each due to a separate set of genes. 
Usually, cereals with high grain protein content have low grain 
yield (Grant and McCalla, 1949; Frey, 1977). However, protein yield is 
highly and positively associated with grain yield (Fawcett and Frey, 1982; 
Takeda and Frey, 1979), and grain yield is positively correlated with NHI 
(Fawcett and Frey, 1982; Cox and Frey, 1978; Welch and Yong, 1980). 
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Therefore/ breeding for high NHI should improve protein yield and possibly 
break the negative relationship between grain yield and grain protein 
content (Bailing and Loyn, 1976). Or at least, it might increase grain 
yield while maintaining protein percentage (Loffler and Busch, 1982). 
NHI and HI are positively correlated, which indicates that the 
translocation of N to grain is closely related to the translocation of 
carbon (C). For bread wheat, the correlation between NHI and yield was 
0.53 (Austin et al., 1977), for durum wheat 0.58 (Desai and Bhatia, 
1978), and for wild and cultivated oats 0.53 and 0.76, respectively 
(Fawcett and Frey, 1982). 
Adaptability 
Allard and Bradshaw (1964) defined adaptability of plants as an 
interaction between genotypes and environments. According to Frey (1964), 
fitness of a genotype can be defined in terms of reproductivity, physio­
logical capacity, or productivity per unit land, depending upon one's 
perspective. For crop plants, Matsuo (1975) defined adaptability as the 
ability of a crop to produce high and stable yield. 
Adaptation usually is classified into two categories. Matsuo (1975) 
used the term "wide adaptation" for a variety that produces a high and 
stable yield across a broad geographic region, and "local adaptation" 
for a variety that maintains high yield at a specific location. Finlay 
and Wilkinson (1963) used "general adaptation" for varieties that showed 
average responsiveness and above average yield across environments, and 
"specific adaptation" for varieties that showed superior yield within a 
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specific environment. In all of these definitions, two yield characters, 
productivity and stability, are considered in classifying adaptability of 
crop plants. Since they are under separate genetic controls, it is 
possible to breed varieties with high adaptability by combining stability 
and high productivity (Matsuo, 1975). 
Mechanisms that confer adaptability have been defined in several 
studies. Individual or physiological adaptability is achieved through 
physiological homeostasis (Lewontin, 1957) and phenotypic plasticity 
(Bradshaw, 1965). Allard and Bradshaw (1964) used the term "individual 
buffering" when adaptation is due to the genotype, and "population 
buffering" when it derives from favorable interaction among coexisting 
genotypes. Both plasticity and stability are under genetic control 
(Bradshaw, 1965). Prey (1964) defined the mechanisms of adaptation as 
"genotype oriented" when it is due to heterozygosity, phenotypic 
plasticity, and polyploidy, and "population oriented" when it is due to 
heterogeneity. 
Adaptation has been measured by several statistical procedures. 
For a specific environment, mean grain yield is a measurement of adapta­
tion. According to Okuno and Hirosaki (1975), a genotype has general 
adaptation if genotype x environment interaction is relatively small 
when it is grown across a range of environments. Finlay and Wilkinson 
(1963) proposed linear regression of grain yield to measure adaptability. 
According to them, a well-adapted variety had above average mean yield 
and a regression coefficient equal to unity. Eberhart and Russell 
(1966) also used a regression equation to measure the yield characteris­
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tics of a variety via three indices, i.e., mean, regression coefficient, 
and deviations mean square. The most desirable line was the one with the 
highest mean, a regression of unity, and a deviations mean square of zero. 
According to them, the regression measured response to improving environ­
ments, and stability was measured by deviations from regression. Bhullar 
et al. (1977) questioned whether stability, as measured by deviations from 
regression, was under genetic control. Conventional regression models 
have been criticized as inappropriate for measuring stability because line 
values and environmental indexes are not independent and often genotypic 
response to environments is nonlinear (Verma and Virk, 1983). 
Much argument exists as to whether a stress or a nonstress environ­
ment is best for selecting broadly adapted or stable varieties of crop 
plants. Frey (1954) cites two schools of thought with respect to this 
argument; (a) Selecting in a nonstress environment gives maximum ex­
pression of genotypes and the best ones tend to be most productive over 
all environments, (b) Usually commercial production occurs under sub-
optimum conditions, and therefore, genotypes with good productivity 
under stress conditions would be most widely adapted. He found that the 
nonstress environment differentiated adaptation of oat genotypes better 
than the stress one, which supported the first theory. Pfahler et al. 
(1983), who studied forage production of rye (Secale sp.), found that 
selection in lower yielding environments was best for predicting produc­
tion and stability in many environments. 
Selection for stability is costly because the stability parameters 
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"b" and "s^" are not expressed directly. Selection for other traits 
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that correlate with responsiveness would be less costly and more rapid 
in selecting for stability of production. Fawcett and Frey (1982) found 
the genotypes with low NHI were better adapted to soils with low N, and 
high NHI genotypes were better adapted to those with high N. And 
Rattunde and Frey (1986) reported that high NHI oat lines were more re­
sponsive for grain yield production across environments with variable 
soil N than were low NHI lines. They found a positive association be­
tween NHI and various stability parameters. High NHI lines showed 
higher mean, greater response to improving environments, and greater 
stability across N levels and years. This led them to suggest that NHI 
could be used as an index for selecting for adaptability of oat cultivars 
to diverse N environments. 
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PART I. SOIL N AVAILABILITY AND NITROGEN HARVEST INDEX OF OATS 
10 
ABSTRACT 
A population of 480 random lines of oats (Avena sativa L.) were 
grown on soil that received no application of nitrogen (N) or 112 leg of 
N ha ^ (defined as low and high N environments, respectively) to evalu­
ate the effect of N availability in the soil upon the plant's ability to 
partition N between vegetative tissue and the grain, a ratio defined as 
nitrogen harvest index (NHI). Comparisons were made between low and high 
N environments for grain yield (GY), straw yield (SY), biological 
yield (BY), groat protein yield (GTPY), groat protein percentage (GTPP), 
vegetative protein yield (VPY), straw protein percentage (SPP), total 
plant protein yield (TPPY), and harvest index (HI). 
Genotype x N level interaction was not significant for NHI. The 
high N environment caused significant increases in TPPY, VPY, and SPP, 
and significant reductions in NHI and HI. GY, SY, BY, GTPY, and GTPP 
were not different in the low and high N environments. NHI and TPPY 
were negatively correlated in the low N environment but independent in the 
high N environment. NHI was positively correlated with GY and GTPY in 
both environments, and positively correlated with GTPP only in the high 
N environment. 
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INTRODUCTION 
Because grain yield and grain protein concentration tend to be 
inversely related in cereals (Frey, 1977), developing cultivars with 
both high yield and high protein content has been a challenge to plant 
breeders. Hageman et al. (1976) and Frey (1977) suggested that this 
negative relationship may be due to limited nitrogen (N) in the soil 
rather than a genetic association. However, Terman (1979), who worked 
with wheat (Triticum aestivum L.), found a negative correlation between 
these traits at several levels of soil N. 
Grain N of cereals is derived largely from remobilization and 
translocation of N from vegetative tissue (Cataldo et al., 1975; 
Bailing and Loyn, 1976). Therefore, the N or protein content of the 
grain of cereals should be dependent upon the efficiency with which a 
plant can translocate N from vegetative to reproductive tissue. This 
N translocation efficiency, which is measured as the ratio of grain N to 
total plant N, is called nitrogen harvest index (NHI) (Austin et al., 
1977; Desai and Bhatia, 1978). NHI and protein content are positively 
and significantly correlated in wheat (Desai and Bhatia, 1978) but un-
correlafced in oats (Avena sativa L.) (Fawcett and Frey, 1982). Therefore, 
selecting genotypes of wheat for high NHI should increase protein con­
tent. The positive correlation between NHI and protein yield reported 
for oats shows that grain protein yield could be increased by selecting 
for high NHI (Fawcett and Frey, 1982). Loffler and Busch (1982) found no 
association between NHI and grain protein percentage, but a positive 
correlation between NHI and grain yield in spring wheat, which suggested 
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that selecting for high NHI lines could increase grain yield while 
maintaining a desired level of grain protein concentration. 
According to Fawcett and Frey (1982) and Desai and Bhatia (1978), 
uptake of N from the soil by oats and durum wheat (T. durum L.) was 
independent from efficiency of N translocation to the grain. 
Halloran (1981) found that wheat cultivars interacted with soil N 
levels for efficiency of N uptake. High soil N increased straw protein 
content (Eagles et al., 1978) and plant protein yield (Fawcett and Frey, 
1982) of oats, but NHI of oats (Wiggans and Frey, 1956; Fawcett and Frey, 
1982; Rattunde and Frey, 1986) and wheat (Halloran, 1981) declined as soil 
N increased. Fawcett and Frey (1982) suggested the depression of NHI at 
high soil N was due to an increase in vegetation without a concomitant 
increase in grain yield. Greater NHI values with lower soil N also may 
be due to depressed N uptake at later growth stages (McNeal et al., 
1968). Therefore, fertilizing soil with N does not necessarily increase 
grain protein yield. In fact, Terman (1979) suggests that plants absorb 
only as much N as they need for growth. 
Rattunde and Frey (1986) found the greatest range of genotypic values 
for NHI and the lowest genotype x year interaction when the testing was 
done in high N environments; thus, they suggested that selection for NHI 
would be more effective in a high N environment. Halloran (1981) found 
the NHI values varied with soil N and suggested that selection for this 
trait should be conducted at a N level similar to the field conditions 
where selected genotypes would be grown. 
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The objectives of this study were to (1) survey the variability 
for NHI among random lines of oats, (2) assess the effect of soil N 
on NHI expression, and (3) estimate associations between MHI and other 
traits. 
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MATERIALS AND METHODS 
Genetic Materials 
The material used in this study was a population of 480 random 
Fg-derived oat lines in F^ made up of 80 lines from each of six matings 
made by Murphy (1981) (Table 1). In addition, 20 strains, 10 with high 
NHI (CI 9170, Otee, Spear, B509-8G1, Grundy, B525-76, YlO-34-15, Diana, 
B525-73, and A465) and 10 with low NHI (Clintford, Y6-13-9, Blanca 
Alemana, Chernishevka, CI 9268, Golden Giant Liguleless, Pusa Hybrid, 
CI 2109, Black Rival, and Korean Native oats), were used as check 
entries (Rattunde, 1984). 
Field Evaluation 
The 480 oat lines and checks were grown at the North Central Re­
search Center near Kanawha, Iowa, in 1985, in low and high N environ­
ments. The field in which this experiment was conducted was sown to 
oats continuously for 20 years with no fertilization. The low N 
environment received no N application and the high N environment was 
created by applying 18-5-9 (N, P, and K) fertilizer in a split applica­
tion to give rates of 78 and 34 kg of N ha ^ at planting and anthesis, 
respectively. 
The 500 oat entries were tested in a randomized complete block 
design with four replications in each environment. Additionally, two 
replications were grown at the Agronomy Field Research Center near Ames, 
Iowa. A plot was a hill sown with 30 seeds and hills were spaced 30.5 cm 
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Table 1. Symbols and pedigrees for the six oat populations 
Population Pedigree 
Otter X PI 317789 2x Grundy 3x Noble 
Otter X PI 317973 2x Grundy 3x Noble 
PI 317989 X Otter 2x Grundy 3x Noble 
PI 318016 X Otter 2x Grundy 3x Noble 
All three 3-way cross combinations among Otter, 
Grundy, and Noble 
All three single-cross combinations among Otter, 
Grundy, and Noble, each crossed to Lang, Wright, and 
Chief 
apart in perpendicular directions. Two rows of hills were sown around 
each experiment to provide competition for peripheral plots. The soil 
type is a Clarion-Webster clay silty loam (fine-loamy, mixed mesic, 
Typic Haplaquoll) at Kanawha and Ames. Planting dates were 19 April 
at Ames and 12 April at Kanawha. Plots were hand weeded and a systemic 
fungicide (Bayleton) was sprayed onto the plants post anthesis to prevent 
the development of crown rust (Puccinia coronata avenae). 
Traits measured or computed on each plot were; 
1. Heading date (HD) : Number of days from sowing until 50% of the 
panicles were completely emerged. 
2. Plant height (HT); Distance in cm from the ground level to the 
panicle tips. 
W1 
W2 
W3 
W4 
CI 
C2 
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3. Biological yield (BY): Weight of bundle of air-dried culms 
harvested at ground level. 
4. Grain yield (GY) ; Weight of threshed grain from a plot. 
5. Straw yield (SY) : BY - GY. 
6. Harvest index (HI): (GY/BY) x 100. 
HD and HT were measured on the two replications grown at Ames, whereas 
BY/ GY, SY, and HI were measured or computed for the four replications 
of both experiments at Kanawha. 
Grain lots from the same entry from replication 1 and 2 of the 
experiment grown at one N level at Kanawha were bulked. Also, grain 
samples from replication 3 and 4 for the entry were bulked. Ten-gram 
samples from the two-replication bulks of an entry were dehulled and 
the resulting groat samples were analyzed for N content. Similarly, 
straw lots were bulked and N content was determined on each two-
replication bulk. Groat samples from the replicate composites were 
analyzed for N content at the USDA Oat Quality Laboratory at Madison, 
Wisconsin.^ Groat samples were analyzed by using a Neo-Tec model 41 
infrared analyzer and straw samples were analyzed by using a micro-
Kjeldahl procedure. Groat (GTPP) and straw (SPP) protein percentages 
were obtained by multiplying N percentages x 6.25. Also, a groat per­
centage (GTP) was determined on a 1-g sample from each two-replication 
composite. The sample was weighed, dehulled, and the resulting groat 
^Appreciation is expressed to Dr. David Peterson, Director of the 
USDA Oat Quality Laboratory, Madison, Wisconsin, for making the nitrogen 
determinations. 
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sample was weighed. GTP was computed as (groat weight/seed weight) x 
100. 
Additional traits computed were: 
1. Groat yield (GTY): GY x GTP. 
2. Vegetative yield (VY); BY - GTY. 
3. Groat protein yield (GTPY): GTY x GTPP. 
4. Vegetative protein yield (VPY): VY x SPP. 
5. Total plant protein yield (TPPY); GTPY + VPY. 
6. Nitrogen harvest index (NHI): (GTPY/TPPY) x 100. 
Statistical Procedure 
All traits were analyzed within N levels according to the model: 
Y..=U+G. +R.+e.. (1) 
ij 1 J ij 
where ; 
Y^j = trait value for the ith genotype in the jth replication, 
U = overall mean, 
G^ = genetic effect of the ith genotype, 
Rj = effect of the jth replication, and 
e^^, = residual variation of the ith genotype in the jth replication. 
The analysis of variance within an N level is presented in Table 2. Geno­
types were considered as random variables. 
Traits were analyzed across N levels, according to the model: 
"iiK = 1 » =1 ' "j • G»..  Rj, * Gljk (21 
where : 
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Table 2. Analysis of variance within an N environment 
Source of Degrees of Expected 
variation freedom mean square 
Replications r-1 
2 2 
Genotypes g-1 a + rO 
Error (r-l)(g-l) O' 
G 
2 
= trait value for the ith genotype in the kth replication of 
the jth N level, 
U = overall mean, 
G^ = genetic effect of the ith genotype, 
Nj = effect of the jth N level, 
GNUj = genotype x N level interaction, 
= effect of the kth replication in the jth N level, and 
= residual variation due to the ith genotype in the kth repli­
cation of the jth N level. 
The analysis of variance for across N levels is presented in Table 3. 
Genotypes were considered as random variables and N levels were considered 
as fixed effects. 
The effect of N soil on NHI and other traits was studied on both the 
overall mean and decile means. The NHI and TPPY deciles were obtained by 
dividing the 480 oat lines into ten strata on the basis of their NHI and 
TPPY values in the high N environment. 
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Table 3. Analysis of variance across N environments 
Source of Degrees of 
variation freedom Expected mean square 
N levels n-1 
Replications (N level) n(r-l) 
Genotypes g-1 
2 
a 
Genotypes x N levels (g-1)(n--1) a' 
Error n(r-l)(g-•1) a' 
Phenotypic correlations among traits were computed using entry means 
within an N environment by using the following formula; 
Gov XY 
r = — , 
/I 2~ 
/OX .  Oy 
2 2 
where Gov XY is the covariance for two traits X and Y, and and 
are the respective variances for the two traits. 
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RESULTS AND DISCUSSION 
Variability in NHI and Other Traits 
The 480 random lines showed nearly normal distribution for NHI values 
with the range from 48 to 80% and a mean of 68% in the low N environment 
and from 40 to 74% with a mean of 60% in the high N environment (Table 4). 
Check strains had smaller ranges than the random lines, i.e., 54 to 72% 
and 45 to 66% in the low N and high N environments, respectively. The 
random lines also had greater variability than found by Fawcett (1980) 
and Wiggans and Frey (1956), who reported ranges of 45 to 74% in a low N-
and 38 to 65% in a high N environment for 40 oat lines, and 70 to 88% 
in a low N and 44 to 63% in a high N environment for six oat cultivars, 
respectively. Oat lines had similar NHI values to those for durum 
wheat. Desai and Bhatia (1978) reported a range from 50 to 83% among 15 
durum wheat cultivars. However, Dubois and Fossati (1981) found a range 
of 71 to 77% among 12 winter wheat varieties. 
Significant variation occurred among the random lines and check 
strains for NHI in both low N and high N environments (Tables 5 and 6). 
The mean NHI for random lines were significantly different from the mean 
for checks (Tables 5 and 6). Genotypic variances among lines were identi­
cal at 13.1 in both environments. This is contrary to the results of 
Rattunde and Frey (1986) who found greater genotypic variance for NHI 
when the oat lines were tested in a high N environment. 
Genotypes also varied significantly for GTPP, SPP, GTPY, VPY, TPPY 
(Tables 5 and 6), GY, SY, BY, and HI (Tables 7 and 8) within N environ-
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Table 4. Frequency distributions for NHI values of 480 random lines 
and 20 check strains of oats in low N and high N environments 
NHI 
interval 
( % )  
Low N 
Frequency 
Lines Checks 
High N 
NHI 
interval 
( % )  
Frequency 
Lines Checks 
47-51 
52-56 
57-61 
62-66 
67-71 
72-76 
77-81 
Range 
Mean 
3 
4 
27 
107 
217 
110 
12 
48-80 
68 
0 
2 
1 
5 
10 
2 
0 
54-72 
67 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
4 
8 
55 
154 
176 
65 
18 
40-74 
60 
0 
3 
5 
7 
3 
2 
0 
45-66 
56 
Table 5. Mean squares from analyses of variance for NHI, SPP, GTPP, GTPY, VPY, and TPPY of 
480 oat lines and 20 check strains in the low N environment in 1985 
Source of 
variation 
Degrees of 
freedom NHI SPP 
Mean sguares 
GTPP GTPY VPY TPPY 
Replications 1 896 300.6 1776.9 49.01 0.28 56.09 
Genotypes 499 45** 5.1** 19.5** 0.88** 0.37** 1.79** 
Checks vs lines 1 129** 13.9* 378.9** 2.05* 0.01 1.76 
Residual 498 45** 5.1** 18.8** 0.88** 0.39** 1.79** 
Among checks 19 55** 4.4 28.8** 1.47** 0.43** 2.81** 
Among lines 479 44** 5.1** 18.4** 0.86** 0.39** 1.75** 
Error 499 18 2.9 333.2 0.15 0.15 0.68 
C.V. (%) 6.2 14.8 2.8 14.1 20.6 13.7 
*,**Significant at 5% and 1% levels, respectively. 
Table 6. Mean squares from analyses of variance for NHI, SPP, GTPP, GTPY, VPY, and TPPY of 
480 oat lines and 20 check strains in the high N environment in 1985 
Source of 
variation 
Degrees of 
freedom NHI SPP 
Mean squares 
GTPP GTPY VPY TPPY 
Replications 1 42 1472.9 7386-8 9.67 7.73 32.52 
Genotypes 499 56** 8.9** 33.4** 1.22** 0.79** 2.85** 
Checks vs lines 1 499** 273.0** 492.6** 4.40** 0.54 1.86 
Residual 498 55** 8.4** 32.5** 1.21** 0.79** 2.85** 
Among checks 19 64** 10.9** 45.5** 1.60** 0.74** 3.10** 
Among lines 479 54** 8.3** 32.0** 1.20** 0.79** 2.84** 
Error 499 28 5.1 5.1 0.66 0.31 1.31 
C.V. (%) 8.9 13.4 4.1 19.7 20.0 16.5 
**Significant at 1% level. 
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Table 7. Mean squares from analyses of variance for GY, SY, BY, and HI 
of 480 oat lines and 20 check strains grown in the low N 
environment in 1985 
Source of 
variation 
Degrees of 
freedom GY 
Mean squares 
SY BY HI 
Replications 3 20.44 106.28 37.53 7026 
Genotypes 499 1.41** 2.22** 5.76** 59** 
Checks vs lines 1 9.41** 0.35 13.41** 422** 
Residual 498 1.40** 2.23** 5.75** 58** 
Among checks 19 1.80** 3.59** 9.11** 92** 
Among lines 479 1.38** 2.17** 5.62** 57** 
Error 1497 0.37 0.95 2.00 22 
C.V. (%) 19.1 22.6 18.8 10.9 
**Significant at 1% level. 
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Table 8. Mean squares from analyses of variance for GY, SY, BY, and 
HI of 480 oat lines and 20 check strains grown in the high 
N environment in 1985 
Source of 
variation 
Degrees of 
freedom GY 
Mean squares 
SY BY HI 
Replications 3 19.01 15.21 49.47 937 
Genotypes 499 1.89** 2.40** 7.45** 54** 
Checks vs lines 1 19.38** 8.08** 51.49** 331** 
Residual 498 1.85** 2.39** 7.36** 53** 
Among checks 19 1.41** 2.79** 7.17** 47** 
Among lines 479 1.87** 2.38** 7.36** 53** 
Error 1497 0.57 1.03 2.75 18 
C.V. (%) 23.6 23.1 21.9 10.2 
**Significant at 1% level. 
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ments. Check strains differed significantly for all traits except 
SPP at the low N environment (Tables 5, 6, 7, and 8). 
Effects of N Soils on NHI and Other Traits 
When analyzed across N levels, no genotype x N level interaction 
occurred for NHI (Table 9), which corroborates the results reported by 
Fawcett and Frey (1982) and Rattunde and Frey (1986). All other traits 
showed significant genotype x N level interactions (Tables 9 and 10). 
Overall mean 
NHI values were significantly reduced by the high N environment. 
The reductions were 8% and 11% for the means of random lines and the 
check strains, respectively (Table 11). These results corroborate those 
of Rattunde and Frey (1986), Fawcett and Frey (1982), and Wiggans and Frey 
(1956). HI of the random lines was significantly reduced in the high N 
environment but there was no significant difference for HI of check 
strains. 
SPP, VPY, and TPPY were significantly increased in the high N en­
vironment for both random lines and check strains (Table 11). The 
increase in SPP corroborates the results of Eagles et al. (1978). 
Fawcett (1980) found that the root contained little of the total plant 
protein, so TPPY really is a measure of the amount of N taken up by the 
plant. The greater TPPY in the high N environment showed that greater 
availability of soil N caused higher N uptake by the oat plants. Whether 
the greater total uptake of N was due to a continuous uptake during the 
whole growth cycle, including grain filling, as found by Evan and 
Table 9. Mean squares from analyses of variance for NHI, SPP, GTPP, GTPY, VPY, and TPPY of 480 
oat lines and 20 check strains grown in low N and high N environments in 1985 
Degrees 
. Mean squares 
freedom nHI SPP GTPP ' GTPY VPY TPPY 
N levels 1 38280 14726. ,0 17. 7 1. 29 405. ,37 452. ,41 
Replications (N level) 2 469 886. 8 4576. .9 29. 34 3. 48 44. ,31 
Genotypes 499 79** 9. 8** 46. ,3** 1. 54** 0. 91** 3. 46** 
Lines vs checks 1 568** 205. 1** 867. ,8** 6. 24** 0. ,36 3. ,60 
Residual 498 78** 9. 4** 44. 7** 1. 53** 0. ,91** 3. 46** 
Among checks 19 100** 11. 7 70. 2** 2. 39** 0, 88** 4. ,49** 
Among lines 479 78** 9. 3** 43. 7** 1. ,50** 0, 91** 3. ,42** 
Genotypes x N levels 499 21 4, .2** 6. 6** 0. 56** 0, .27** 1, 17** 
(Lines vs checks) x N levels 1 60 81, 9** 3, .7 0, .22 0, .19 0, o
 
o
 
Residual x N levels 498 21 4, .0** 6 .6** 0, .56** 0, .27** 1, .18** 
Among checks x N levels 19 19 3 .7 4 .2 0, .68 0 .28 1, .42 
Among lines x N levels 479 21 4 .1** 6 .7** 0 .56** 0 .27** 1 .17** 
Error 998 23 4 .0 3 .8 0 .50 0 .23 0 .99 
C.V. (%) 7.7 14 .0 3 .5 17 .1 21 .0 15 .0 
Source of 
variation 
**Significant at 1% level. 
Table 10. Mean squares from analyses of variance for GY, SY, BY, and HI of 480 oat lines and 20 
check strains grown in low N and high N environments in 1985 
Source of 
variation 
Degrees of 
freedom 
Mean squares 
GY SY BY HI 
N levels 1 0.24 6.45 4.19 968 
Replications (N level) 6 19.73 60.74 43.50 3981 
Genotypes 499 2.72** 3.46** 10.32** 91** 
Checks vs lines 1 27.90** 5.91* 59.48** 750** 
Residual 498 2.67** 3.46** 10.23** 89** 
Among checks 19 2.51** 4.61** 12.00** 111** 
Among lines 479 2.67** 3.41** 10.15** 89** 
Genotypes x N levels 499 0.58** 1.16** 2.89** 22** 
(Checks vs lines) x N levels 1 0.89 2.52 6.42 3 
Residual x N levels 498 0.58** 1.16** 2.89** 22** 
Among checks x N levels 19 0.70 1.77* 4.27* 29 
Among lines x N levels 479 0.58** 1.13** 2.83** 21** 
Error 2994 0.47 0.99 2.37 20 
C.V. (%) 21.5 22.9 20.4 10.6 
*,**Signifleant at 5% and 1% levels, respectively. 
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Table 11. Means for 10 traits measured on 480 oat lines and 20 check 
strains in low N and hiqh N environments 
Trait 
Unit of 
measure 
Lines 
Low High 
Checks 
Low High 
GY 
SY 
BY 
SPP 
GTPP 
GTPY 
VPY 
TPPY 
NHI 
HI 
Mg ha 
-1 
Mg ha 
Mg ha 
-1 
-1 
9 kg 
- 1  
g kg 
Mg ha 
Mg ha 
Mg ha 
% 
% 
-1 
3.23 
4.31 
7.54 
36.10 
176.70 
0.41 
0.19 
0.60 
68 
43 
3.20 
4.40 
7.62 
53.00** 
176.00 
0.42 
0.28** 
0.70** 
6 0 * *  
42** 
2 . 8 8  
4.25 
7.12 
38.00 
186.60 
0.39 
0.19 
0.58 
67 
41 
2.71 
4.08 
6.79 
61.40** 
187.30 
0.38 
0.29** 
0.67** 
56** 
40 
**Significantly different between low N and high N environments at 
1% level. 
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Wardlaw (1976), could not be discerned from this study. 
Differential soil N caused no differences for GTPP and GTPY (Table 
11). Increasing soil N did not increase GTPP, which contradicts the re­
sults of Johnson et al. (1973) who found that N fertilizer did, indeed, 
increase protein content of wheat grain. 
The high N environment caused no increases in GY, SY, and BY (Table 
11). In contrast, Fawcett and Frey (1982) found that high N fertilization 
caused significant increases in straw yield and bioraass. They suggested 
that NHI was reduced in a high N environment because greater vegetative 
growth occurred without a concomitant increase of grain production. 
In this study, the reduction was caused by N concentrating in the vege­
tative tissue and not being translocated to the grain. The plants 
were able to take up more N but they were unable to translocate it. 
Decile means 
As another method of studying the effects of soil N on NHI and other 
traits, the 480 oat lines were divided into deciles on the basis of NHI 
values from the high N environment. All deciles showed significant re­
duction in mean NHI from the low N to the high N environment. However, 
the lower NHI deciles showed much greater depression than the higher 
ones, which corroborates the result of Rattunde and Frey (1986). For 
example, the depression was 13% for decile 1 and only 3% for decile 10 
(Table 12). All deciles showed greater VPY, TPPY, and SPP in the high 
N environment than in the low one (Figures 1 and 2). Interestingly, all 
deciles had the same TPPY (Figure 1), indicating that N uptake was similar 
for all NHI deciles. However, since the deciles differed in NHI (Table 
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Table 12. Means of NHI, GY, and GTPP for NHI deciles in low N and 
high N environments 
NHI i % )  GY (Mg ha ^) GTPP (g kg"^) 
Decile Low High Low High Low High 
1 63 50** 2.97 2.82* 178.3 174.9** 
2 66 55** 3.19 3.01 176.5 174.4** 
3 67 56** 3.37 3.29 175.9 172.9** 
4 67 58** 3.24 3.21 176.9 175.0* 
5 69 59** 3.26 3.23 178.4 177.4 
6 69 61** 3.27 3.34 176.2 174.7 
7 70 62** 3.34 3.28 176.3 175.3 
8 70 63** 3.25 3.38* 176.6 177.6 
9 71 65** 3.28 3.19 177.6 179.0 
10 72 69** 3.21 3.46** 177.7 183.7** 
Range 63-
72 
50-
69 
2.97-
3.37 
2.82-
3.46 
175.9-
178.4 
172.9-
183.7 
LSD (0.05) 8 10 1.19 1.48 9.6 14.0 
*f**Significantly different between low N and high N environments 
at 5% and 1% levels, respectively. 
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O • TPPY in high N and low N environments, respectively 
• • GTPY in high N and low N environments, respectively 
A • VPY in high N and low N environments, respectively 
0.75 
LSD(0. 05)=0.22 
0.65 
LSD(0. 05) =0.16 0.55 
LSD(0.05)=0.16 
LSD(0. 05) =0.11 
0.35 
0.25 
LSD(0. 05) =0.11 
LSD(0.05)=0. 08 
9 10 7 8 3 4 6 1 5 2 
NHI Decile 
Figure 1. Plots of TPPY, GTPY, and VPY means for NHI deciles within 
low N and high N environments 
33 
O—O High N 
# e Low N 
LSD(0.05)=U.0 
LSD(0. 05)=10.5 
1  2 3 4 5 6 7 8 9  1 0  
NHI Decile 
Figure 2. Plots of SPP means for NHI deciles vrithin lou N and high N 
environments 
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12), they did have inherent differences in their abilities to translo­
cate N to the grain. As the ability of oat lines to translocate N in­
creased, VPY decreased linearly, and GTPY tended to increase (Figure 1). 
For the least efficient decile (i.e., low NHI), a high proportion of the 
N remained in the vegetative tissue, whereas for the most efficient 
decile (i.e., high NHI), a high proportion of N was translocated to the 
grain. Consequently, there was less depression of NHI in a high N en­
vironment for oat lines efficient in translocating N to the grain. 
When the lines were divided into deciles on the basis of N uptake, 
i.e., TPPY values, in the high N environment, the deciles did not have 
different NHI means in either the low N or high N environments (Figure 3). 
VPY increased with increasing TPPY (Figure 3), but it decreased with in­
creasing NHI (Figure 1), indicating that N was translocated to the grain at 
the expense of N in the vegetative tissue. GTPY increased with increasing 
N uptake (Figure 3) but this was due to increasing dry matter rather than 
protein concentration. Note that GTPP decreased linearly as N uptake in­
creased (Figure 4). In contrast, GTPY increased with increasing NHI due to 
both greater dry matter and greater protein concentration. As shown in 
Figure 5, GTPP for the high N environment increased with increasing NHI. 
Increasing uptake of N from the soil did not increase SPP either, since 
there was no trend of SPP increase with increasing TPPY (Figure 6). As ex­
pected, SPP declined with increasing NHI (Figure 2). 
The ability of oat plants to translocate N to grain determined the 
concentration of grain protein, and averaged over lines, GTPP did not 
increase with greater N in the soil. In fact, when the lines were 
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O • NHI in high N and low N environments, respectively 
• m GTPY in high N and low N environments, respectively 
A • VPY in high N and low N environments, respectively 
70 LSD(0.05)=8 0.7 -
LSD(0.05)=10 0.5 
LSD(0. 05)=0.16 
50 
LSD (0.05) =0.11 
LSD(0. 05)=0.11 
LSD(0. 05)=0. 08 
20 
I 
1 2 3 4 5 6 7 8 9  1 0  
TPPY Decile 
Figure 3. Plots of NHI, GTPY, and VPY means for TPPY deciles within 
low N and high N environments 
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O High N 
• Low N 
185 
180 
175 
LSD(0. 05) =9, 6 170 
J^D(0.05)=14 
165 
1 2 3 4 5 6 7 8 9  1 0  
TPPY Decile 
Figure 4. Plots of GTPP means for TPPY deciles within low N and 
high N environments 
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O High N 
• Low N 
170 
165 I I I I I I I I I L 
1 2 3 4 5 6 7 8 9  1 0  
NHI Decile 
Figure 5. Plots of GTPP means for NHI deciles within low N and high 
N environments 
) 
38 
60 
High N 
Low N 
LSD(0.05)=14. 0 
55 
50 
01 
01 
45 
TPPY Decile 
Figure 6. Plots of SPP means for TPPY deciles within low N and high 
N environments 
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divided into NHI deciles, the first four deciles were significantly 
lower in GTPP in the high N environment (Table 12). However, there was 
an indication that a greater amount of N in the soil could increase 
protein concentration of the grain if the lines were efficient trans-
locators; for example, GTPP of decile 10 was significantly greater in 
the high N environment than in the low one (Table 12). 
The results in Table 12 for GY of NHI deciles when measured in low N 
and high N environments show a relationship somewhat similar to those re­
ported by Fawcett and Frey (1982). That is, oat lines in decile 1 for NHI 
(NHI = 50%) were significantly greater in the low N than in the high N 
environment, whereas lines in deciles 8 and 10 (NHI = 63% and 69%, re­
spectively) yielded significantly greater in the high N than in the low 
N environment. 
Associations Among Traits 
GTY and GTPY were highly correlated (r = 0.96** and r = 0.94** in 
low N and high M environments, respectively) and GTPP and GTPY were 
negatively correlated (r = -0.36** and r = -0.27** in low N and high N 
environments, respectively) (Table 13). These results show that GTPY 
was determined primarily by yield of dry matter and that protein concen­
tration actually detracted from GTPY. However, in the vegetative tissue, 
both dry weight and protein concentration contributed to VPY, since 
this trait was positively correlated with VY (r = 0.78** and r = 0.84** 
in low N and high N environments, respectively) and SPP (r = 0.70** and 
r = 0.57** in low N and high N environments, respectively). 
Table 13. 
Traits 
Phenotypic correlations among traits of oat lines in low N (above diagonal) and 
high N (below diagonal) environments 
GY GTY OTP? GTPY SPP VY VPY TPPY NHI HI 
GY 
GTY 
GTPP 
GTPY 
SPP 
VY 
VPY 
TPPY 
NHI 
HI 
0.98** 
-0.59** -0.56** 
0.98** -0.62** 0.93** 0.05 
0.60** 0.96** 0.03 
-0.36** 0.08 
0.01 -0.91** 0.94** -0.27** 
-0.15** -0.18** -0.06 -0.25** 
0.81** 0.77** -0.48** 0.70** 0.06 
0.58** 0.52** -0.43** 0.44** 0.57** 0.84** 
0.69** 0.52** 0.90** 0.14** 0.50** 
0.64** 0.47** 0.89** 0.21** 0.51** 
0.41** -0.33** -0.41** 0.08 -0.34** 
0.61** 0.43** 0.91** 0.28** 0.49** 
0.13** 0.70** 0.34** -0.74** -0.10* 
0.78** 0.79** -0.38** -0.26** 
0.77** -0.73** -0.24** 
0.89** 0.89** -0.40** 0.88** 0.14** 0.90** 0.81** 
0.20** 0.28** 0.19** 0.41** -0.81** -0.24** 0.62** -0.06 
0.58** 0.58** -0.37** 0.54** -0.35** 0.02 -0.16** 0.26 
-0.14** -0.23** 
0.64** 
0.64** 
*,**Significant at 5% and 1% levels, respectively. 
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Protein yield has become a trait of some significance in developing 
countries because protein in human diets tends to be limiting. Negative 
correlations between GY and GTPP (r = -0.62** and r = -0.59** in low N and 
high N environments, respectively) indicated that selecting for high grain 
yield would reduce protein concentration of grain. This difficulty in com­
bining high protein content and high yield has been almost universal in 
cereals until Kuenzel and Frey (1985) discovered a germplasm source in oats 
in which these traits were inherited independently. My results indicate 
that selecting oat lines for high NHI could be a route for increasing pro­
tein yield. That is, NHI was positively correlated with GTPY (r = 0.28** 
and r = 0.41** in low N and high N environments, respectively). Further, 
NHI was positively correlated with GTPP in the high N environment (r = 
0.19**) and independent in the low N environment (r = 0.08). The positive 
correlation between NHI and GY (r = 0.14** and r = 0.20** in low and 
high N environments, respectively), even though low, suggests the pos­
sibility of using NHI as a route for selecting lines with both high 
grain and high protein yields. 
NHI was negatively correlated with TPPY in the low N environment (r = 
-0.14**), but the two traits were not associated in the high N environment 
(Table 13), indicating that when soil N was limited, the grain had priority 
on the N present in the plant. However, when N was unlimited, N transloca­
tion was independent from N uptake. A similar result was reported for wheat 
by Spratt and Gasser (1970). The independency of N partitioning and N 
uptake has been reported in oats (Fawcett and Frey, 1982) and durum wheat 
(Desai and Bhatia, 1978). The fact that TPPY and GTPY were highly 
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correlated (r = 0.91** and r = 0.88** in low N and high N environments, 
respectively) seems to contradict the independency of N uptake and N 
partitioning. But the positive correlation between TPPY and GTY (r = 
0.89** in both low N and high N environments) combined with the negative 
association between TPPY and GTPP (r = -0.41** and r = -0.40** in low N 
and high N environments, respectively) shows that greater N uptake caused 
higher protein yield via yield of dry matter and not via protein content. 
NHI was negatively correlated with VPY (r = -0.73** and r = -0.62** 
in low N and high N environments, respectively) and SPP (r = -0.74** and 
r = -0.81** in low N and high N environments, respectively). These 
associations indicate that with increasing ability of plants to translocate 
N to the grain, a smaller proportion of the N is left in the vegetative 
tissue. 
NHI was positively correlated with HI (r = 0.64**) in both N environ­
ments. • As suggested by Desai and Bhatia (1978), my results showed that N 
translocation is associated with carbon (C) translocation. HI was nega­
tively correlated with GTPP (r = -0.34** and r = -0.37** in low N and high 
N environments, respectively), indicating that C translocation to the grain 
was greater than N translocation. This causes a N dilution in grain as 
shown for wheat by Dubois and Fossati (1981). 
NHI was negatively correlated with HT (r = -0.21*) and HD (r = -0.35**) 
(Table 14), showing that the tall and late lines were inefficient in trans­
locating N to the grain. Fawcett and Frey (1982) found a negative corre­
lation between NHI and HT in both wild and cultivated oats. 
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Table 14. Phenotypic correlations 
N environment 
of NHl with HD and HT in the high 
Trait HD HT 
NHl -0.35** -0.21* 
*,**Slgnificant at 5% and 1% levels ,  respectively. 
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PART II. ASSOCIATION BETWEEN NHI AND YIELD CHARACTERISTICS OF OATS 
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ABSTRACT 
A sample of 50 lines of oats (Avena sativa L.) diverse for 
nitrogen harvest index (NHI) was evaluated in 15 environments to study 
the association between NHI and adaptability of oat lines to soil with 
varying levels of N. Three yield characteristics, i.e., mean across 
environments, regression response to improving environments, and 
stability of response, were used to measure adaptability. The lines 
were significantly variable in means of grain and straw yields. They 
were variable for responsiveness to improving environments and for sta­
bility of yield also. However, among the yield characteristics, only 
the mean of grain yield was significantly correlated with NHI. 
46 
INTRODUCTION 
Developing cultivars with broad adaptability is a major goal in 
plant breeding programs. No definite procedure has been proposed to 
breed for adaptability because definitions of this trait are variable 
and statistical procedures for measuring it are controversial. 
Productivity and stability are two characters of yield that to­
gether define adaptability of crop plants according to Matsuo (1975). 
Eberhart and Russell (1966) used three statistical parameters, mean, 
regression coefficient, and deviations mean square to measure adaptability 
of crop varieties to a series of environments. The most desirable variety 
had the highest mean, a regression coefficient of unity, and a deviations 
mean square of zero. Mean yield of a variety can be measured in a single 
environment, but regression coefficient and deviations mean square can 
only be estimated when the variety is tested in a number of environments. 
So selecting "marker" traits that are associated with the latter two 
characteristics of yield would be easier and less costly than selecting 
for adaptability itself. 
Association between plant traits and adaptability has been reported 
for several crops. Oka (1975) found that soybean (Glycine max (L.) Merr.) 
varieties adapted to spring and summer seasons were daylength insensitive, 
short, and early. Finlay and Wilkinson (1963) reported that, in general, 
early barley (Hordeum vulgare L.) varieties were specifically adapted to 
low-productivity environments and late varieties were specifically adapted 
to high-productivity environments. Barley varieties with general adapta­
tion were from any maturity class, but no characteristics were common to 
/•i j 
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all widely adapted varieties. According to Martinic (1973), a widely 
adapted wheat (Triticum aestivum L.) must have a well-developed compensat­
ing mechanism among many traits active throughout the growth cycle of the 
plants. 
Fatunla (1973) defined that characters correlated with regression 
response index were "fitness traits". Seed number, plant height, and 
biomass were shown to be fitness traits for oats. Fatunla and Prey (1974) 
suggested that grain yield was a secondary fitness trait that resulted 
from the interaction of primary fitness traits. 
Adaptability of crop plants also may be associated with physiological 
traits such as uptake and utilization of water and nutrients from the 
soil. One physiological trait related to adaptability of oats (Fawcett 
and Frey, 1982; Rattunde and Frey, 1986) is nitrogen (N) partitioning 
between grain and straw. N partitioning, measured as the ratio of grain 
N to total plant M (Austin et al., 1977), is called nitrogen harvest 
index (NHI). Fawcett and Frey (1982) suggested that low NHI oat lines 
were specifically adapted to low N environments and high NHI lines were 
specifically adapted to high N environments. Rattunde and Frey (1986) 
tested this hypothesis with 20 oat lines grown in 12 environments that had 
variable N availability and found that high NHI lines had grain yields 
that were higher, more responsive, and more stable than did low NHI geno­
types. They concluded that high NHI lines had general adaptation to 
diverse N environments. 
As the result of the studies by Fawcett and Frey (1982) and 
Rattunde and Frey (1986), NHI might be used to select cereal genotypes 
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adapted to specific N environments, i.e., selection for low NHI would 
retain lines that produced well in low N soils and selection for high 
NHI would retain lines that produced well in high N soils. The results 
from these authors were based upon a few selected genotypes, so I con­
ducted a similar study with a random sample of adapted lines. The 
objective of this study was to assess whether NHI or harvest index 
(HI) was associated with the yield parameters, mean, regression response, 
and stability that measure adaptability of oat lines across environments 
with different productivities. 
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MATERIALS AND METHODS 
Genetic Materials 
The materials for this study were 50 oat lines with a wide range of 
NHI values. They were chosen from 480 lines evaluated for NHI in a high 
N environment (Md.-Kairudin, 1987). The 480 oat lines were divided into 
ten strata, each with 48 lines, on the basis of NHI, and five random lines 
were chosen from each stratum. These gave the 50 oat lines for this study. 
Nine cultivars and experimental lines, CI 9268, B525-73, YlO-34-15, A465, 
CI 2109, B509-801, Diana, Grundy, and Otee, were used as checks. 
Field Evaluation 
The 50 oat lines and nine checks were evaluated in 1986 in 15 en­
vironments with a wide range of productivity levels (Table 15). The 
different productivity levels were due primarily to differential avail­
abilities of soil N caused by cropping sequence and quantity of N applied. 
Crop sequence had a major effect upon N availability for the oats because 
it was applied only to first-year corn in all rotations. Seven environ­
ments with long-term oat yields ranging from 1.3 to 2.5 Mg ha ^ were 
used at the North Central Research Center near Kanawha, and seven environ­
ments with long-term oat yields ranging from 2.6 to 3.5 Mg ha ^ were used 
at the Northwest Research Center near Sutherland, Iowa. One environment 
with a yield of 3.5 Mg ha ^ was used at the Agronomy and Agriculture 
Engineering Field Research Center near Ames. The soil types were a Moody 
silty loam (fine-silty, mixed mesic, Udic Haplaquoll) at Sutherland, a 
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Table 15. Crop sequences, nitrogen treatments, and productivities of 
the environments used for this study 
Location 
Environment Crop ^ N fertilizer Productivity" 
number sequence (kg ha~^) (Mg ha~^) 
Kanawha 
Sutherland 
Ames 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
ccco 
CSbCO 
CCCO 
CCOM 
CCCO 
CCOM 
COMM 
SCOM 
SCOM 
CCOM 
CCOM 
CCOM 
COMM 
COMM 
COCSbO 
0 
0 
179 
0 
267 
179 
179 
0 
34 
34 
67 
134 
67 
134 
33 
1.3 
1.5 
1.8 
1.9 
2.1 
2.4 
2.5 
2 . 6  
2.7 
2.8 
3.0 
3.2 
3.4 
3.5 
3.5 
^Oat yield averaged over 12 and 20 years at Kanawha and Sutherland, 
respectively. 
^Letters C, 0, M, Sb, and S represent corn, oats, meadow, soybean, 
and sorghum, respectively. 
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Canisteo loam (fine-loamy, mixed (calcareous) mesic, Typic Haplaquoll) 
at Kanawha, and a Webster loam (fine-loamy, mixed mesic, Typic Hapla­
quoll) at Ames. 
The 59 oat entries were evaluated in a randomized complete block 
design with three replications in each environment. Planting dates were 
28 March at Ames, 22 April at Sutherland, and 23 April at Kanawha. A 
plot was a hill sown with 30 seeds and hills were spaced 30.5 cm apart 
in perpendicular directions. Two rows of hills were sown around each 
experiment to provide competition for peripheral plots. Plots were 
hand weeded and a systemic fungicide (Bayleton) was sprayed onto the 
plants post anthesis to preclude the development of crown rust (Puccinia 
coronata avenae). 
Traits measured on a plot basis were; 
1. Heading date (HD): Numbers of days from planting until 50% of 
panicles were completely emerged. Measured in environment 15. 
2. Plant height (HT): Distance in cm from the ground level to the 
panicle tips. Measured in environment 7. 
3. Biological yield (BY): Weight of the bundle of air-dried culms 
harvested at ground level. 
4. Grain yield (GY): Weight of threshed grain. 
5. Straw yield (SY): BY - GY. 
6. Harvest index (HI): (GY/BY) x 100. 
7. Growth rate (GR); SY/HD. Measured in environment 15. 
8. Test weight (TW): Grain samples from three plots of one entry in 
one environment were bulked, and the weight of an 80-ml container 
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of bulked grain lot was recorded in g. Weight was converted to 
-3 
kg m 
Statistical Procedure 
GY, SY, BY, and HI were analyzed across 15 environments according 
to the model; 
Tljk " 0 + + «ijk (3' 
where: 
Y. = trait value for the ith genotype in the kth replication of 
1 jk 
the jth environment, 
U = overall mean, 
= genetic effect of the ith genotype, 
Ej = effect of the jth environment, 
GE^j = genotype x environment interaction, 
= effect of the kth replication in the jth environment, and 
e^j^ = residual variation due to the ith genotype in the kth replica­
tion of the jth environment. 
To measure the parameters of GY and SY, these traits were subjected 
to a stability analysis by using the model (Perkins and Jinks, 1968): 
YljK ' ° + G. + B. + + BZ.j + Oj, H. e.jK (1) 
where: 
Y^j^ = yield of the ith genotype in the kth replication of the jth 
environment, 
U = overall mean, 
G^ = genetic effect of the ith genotype. 
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Ej = effect of the jth environment, 
R = effect of the kth replication in the jth environment, 
BZ^j = portion of genotype x environment interaction due to 
linear regression of the ith genotype on environmental index, 
= deviation of the ith genotype from its regression line in 
the jth environment, and 
e = residual variation due to the ith genotype in the kth 
1J k 
replication of the jth environment. 
Environmental indexes, which were independent measurements of environ­
mental productivities, were estimated via means of the nine checks. The 
stability analysis of variance is presented in Table 16. Genotypes and 
environments were considered to be random variables. 
Four parameters were used to evaluate the adaptability of an oat 
entry; 
1. The yield mean across environments, 
X = Z Z Y. /r e 
j k 
was the measure of productive capacity of a genotype. 
2. The regression coefficient, 
pij. 'j 
measured the response of an entry to increasing environmental 
indexes. 
3. Deviations mean square, 
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Table 16. Stability analysis of variance used for grain and straw 
yields of g oat genotypes grown in r replications in each 
of e environments 
Degrees of Expected 
Source of variation freedom mean square 
Environments e-1 
Linear 1 
Residual e-2 
Replications (environment) e(r-l) 
2 2 2 Genotypes g-1 a + ro^^ + rea^ 
NHI groups n-1 
Residual • (g-l)-(n-l) 
2 2 Genotypes x environments (g-1)(n-1) a + ro 
GE 
Heterogeneity of regressions g-1 
NHI groups n-1 
Residual (g-l)-(n-l) 
Deviation from regressions (g-l)-(n-2) 
Error e(g-l)(r-l) a 2 
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r Z (d,.)^ 
^ (e - 2) 
measured the absolute dispersion of yields in various environ­
ments around the regression line (Eberhart and Russell, 1966). 
4. The coefficient of determination, 
[ z:(Y,, zjiVL Z ?  
measured the relative portion of variation due to regression 
(Pinthus, 1973). 
2 2 
The s^ and r values measured the stability of productivity. 
HD, HT, GR, and TW were analyzed using the model: 
?ij ' 0 + °1 + + »lj 
where: 
= trait value for the ith genotype in the jth replication, 
U = overall mean, 
= genetic effect of the ith genotype, 
Rj = effect of the jth replication, and 
e^^ = residual variation due to the ith genotype in the jth 
replication. 
The analysis of variance for model 5 is presented in Table 17. 
Phenotypic correlations of NHI and HI values obtained from the high N 
environment in 1985 (Md.-Kairudin, 1987) with the adaptability parameters 
— 2 2 
X, b, s^, and r , were computed using the formula: 
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Table 17. Analysis of variance used for HT, HD, GR, and TW 
Source of Degrees of Expected 
variation freedom mean square 
Replications r-1 
Genotypes 9-1 
2 2 
a + rOg 
Error (r-1)(g-1) a' 
Gov XY 
The same general formula was used to compute genotypic correlations of NHI 
and HI with the X of yield. The genotypic covariances were the cross 
products of the means for NHI or HI from the 1985 experiment and the X 
for yield across the 15 environments. Genotypic variance for the three 
traits were obtained by equating expected and actual mean squares in the 
appropriate analyses of variance. 
57 
RESULTS 
Grain Yield 
The oat lines differed significantly for GY (Table 18). A signifi­
cant genotype x environment interaction for GY was caused by both linear 
and nonlinear effects. That is, mean squares for heterogeneity of re­
gression and deviations from regression both were significant (Perkins 
and Jinks, 1968) . 
Grain yield means for the checks within environments ranged from 
0.90 to 3.18 Mg ha~^ (Table 19), and the productivities were fairly 
evenly spaced over the range. 
GY characteristics among NHI groups 
The 50 oat lines represented five from each of ten groups based 
upon NHI values in a high N environment (Md.-Kairudin, 1987). GY means 
for the NHI groups differed significantly (Table 18) with a range from 
1.67 to 2.49 Mg ha~^ (Table 20). 
Regressions of genotype yields upon environmental indexes were sig­
nificantly heterogeneous, but the means of regressions for NHI groups did 
not differ (Table 18). When the groups were analyzed individually, five 
showed significant genotype x environment interaction, but only two had 
significant heterogeneity of regressions (Table 21). Mean for regres­
sions, a parameter that measures production response to improving environ­
ments, ranged from 0.90 to 1.65 for the ten groups (Table 20). Plots 
for GY means of NHI groups 1 (low), 5 (medium), and 10 (high) against 
productivity indexes for the 15 environments (Figure 7) verify the results 
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Table 18. Mean squares from stability analyses of variance of GY and 
SY of 50 oat lines arranged in NHI groups and tested in 15 
environments 
Source of variation 
Degrees of 
freedom 
Mean 
GY 
squares 
SY 
Environments 14 69.83 114.47 
Linear 1 944.36 1552.65 
Residual 13 2.56 3.84 
Replications (environment) 30 0.61 1.38 
Genotypes 49 6.08** 7.77** 
NHI groups 9 12.82** 2.88** 
Residual 40 4.57** 8.87** 
Genotypes x environments 686 0.40** 0.51** 
Heterogeneity of regressions 49 0.61* 1.17** 
NHI groups 9 0.50 0.84 
Residual 40 0.63** 1.25** 
Deviation from regressions 637 0.39** 0.46** 
Error 1470 0.32 0.40 
C.V. {%) 25.8 19.5 
*,**Significant at 5% and 1% levels, respectively. 
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Table 19. GY and SY productivity indexes {Mg ha ) for the 15 environ­
ments used to evaluate the 50 oat lines; indexes based upon 
mean yields of nine check entries 
Environment 
Location number GY SY 
Kanawha 1 0.90 1.71 
2 1.18 1.87 
3 1.38 1.92 
4 1.64 2.46 
5 1.80 2.43 
6 1.95 2.76 
7 2.10 3.16 
Sutherland 8 1.54 2.60 
9 1.71 2.54 
10 1.81 2.76 
11 1.82 3.14 
12 2.20 2.96 
13 2.39 3.11 
14 2.39 3.50 
Ames 15 3.18 4.77 
Range 0.90-3.18 1.71-4.77 
— 2 2 
Table 20. Averages for four adaptability parameters, X, b, r , and s , of GY and SY for the 
ten NHI groups of oat lines d' 
GY SY 
— 2 2 ~ 2 2 
Group NHI X b r s, X b r s, 
d d 
1 50 1.67 0.90 0.79 0.27 3.14 1.00 0.86 0.55 
2 55 2.17 1.48 0.83 0.39 3.43 0.95 0.88 0.31 
3 57 2.23 1.25 0.81 0.47 3.55 0.93 0.77 0.69 
4 58 2.46 1.12 0.80 0.27 3.39 1.40 0.87 0.38 
5 60 2.14 1.02 0.76 0.44 3.10 0.62 0.79 0.94 
6 61 2.19 1.65 0.75 0.61 3.17 1.28 0.86 0.51 
7 62 2.15 1.05 0.83 0.29 3.27 1.26 0.86 0.38 
8 64 2.09 1.23 0.80 0.39 3.16 0.94 0.83 0.44 
9 66 2.43 1.14 0.82 0.36 3.26 1.10 0.89 0.30 
10 71 2.49 0.97 0.86 0.29 3.33 0.82 0.90 0.31 
Range 50- 1.67- 0.90- 0.75- 0.27- 3.10- 0.62- 0.77- 0.30-
71 2.49 1.65 0.86 0.61 3.35 1.40 0.90 0.94 
Table 21. Mean squares from analyses of variance for GY of oat lines 
within ten NHI groups 
Source of Degrees of 
variation freedom 12 3 
Environments 14 5 .90 7. 03 6 .78 
Linear 1 13.  35 91 .14 89 .37 
Residual 13 0, .71 0 .56 0, .42 
Replications (environment) 30 0, .35 0 .32 0. ,40 
Genotypes 4 3. ,58** 10 .44** 9. ,32** 
Genotypes x environments 56 0. ,27 0 .43** 0. ,49** 
Heterogeneity of regressions 4 0. ,25 1 .04* 0. 79 
Deviation from regressions 52 0. ,27 0 . 39* 0. ,47** 
Error 120 0. 24 0 .25 0. ,28 
C.V. (%) 29. 2 '22 .9 23. 8 
*,**Signifleant at the 5% and 1% levels, respectively. 
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Group 
4 5 6 7 8 9 10 
9.44 8.20 8.03 6.64 5.99 7.95 7.79 
115.62 101.67 106.02 85.11 77.70 105.06 103.77 
1.27 1.00 0.49 0.60 0.48 0.48 0.41 
0.23 0.47 0.39 0.28 0.25 0.28 0.42 
1.17** 3.31** 1.66* 5.31** 5.38** 1.81** 3.71** 
0.28 0.43 0.62* 0.27 0.45* 0.39* 0.32 
0.32 0. 31 0.80 0.15 1.18** 0.81 0.67 
0.27 0.44 0.61* 0.28 0.39 0.36* 0.29 
0.38 0.56 0.39 0.21 0.29 0.24 0.43 
24.3 38.8 28.5 21.2 25.9 20.2 26.2 
Figure 7. Responses of GY for three NHI groups over environmental productivity indexes 
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from the analysis of variance, namely, that a low yielding group of oat 
lines tends to be inferior in all environments and a high yielding group 
tends to be superior in all environments. This was expected since the 
average b values for groups 1, 5, and 10 did not differ significantly. 
2 2 
The stability parameters, s^ and r , ranged from 0.27 to 0.61 and 
0.75 to 0.86, respectively, for the ten NHI groups (Table 20). 
GY characteristics among HI groups 
For further analysis, the oat lines were placed into ten groups 
based upon harvest index (HI) values measured in a high N environment 
(Md.-Kairudin, 1987). Grouping of oat lines according to HI values 
showed an almost complete correspondence to the grouping according to 
NHI. This was expected since the correlation between these traits was 
0.69**. GY means across environments ranged from 1.60 to 2.44 Mg ha ^ 
for the ten HI groups .(Table 22), and group means differed significantly 
(Table 23). 
Means of regression response indexes for the HI groups ranged from 
0.97 to 1.54 (Table 22). GY means for HI groups 1 (low), 5 (medium), 
and 10 (high), when plotted against environmental productivity indexes, 
showed that low HI lines tend to be low yielding in all environments 
(Figure 8). Means of regression response indexes for the ten HI groups 
had significant genotype x environment interaction among lines within 
groups and one of these had significant heterogeneity of regressions 
(Table 24). Unexpectedly, two HI groups (groups 3 and 8) had significant 
heterogeneity among regression even though their genotype x environment 
— 2 2 
Table 22. Averages for four adaptability parameters, X, b, r , and s^, of GY and SY for the ten 
HI groups of oat lines 
GY SY 
2 2 — 2 2 
Group HI X b r s, X b r s 
d d 
1 36 1,60 1.09 0.78 0.25 2.93 1.02 0.85 0.45 
2 40 2.05 1.23 0.79 0.37 3.13 0.94 0.86 0.41 
3 41 2.19 1.25 0.88 0.24 3.24 0.93 0.87 0.30 
4 41 2.31 1.06 0.80 0.32 3.41 0.84 0.83 0.49 
5 42 2.30 1.26 0.77 0.47 3.57 1.10 0.85 0.45 
6 43 2.44 1.35 0.82 0.39 3.60 1.28 0.82 0.60 
7 44 2.27 1.14 0.78 0.40 3.07 l.lO 0.85 0.35 
8 45 2.30 1.46 0.88 0.24 3.05 1.28 0.93 0.20 
9 46 2.27 1.54 0.79 0.56 3.35 1.35 0-84 0.42 
10 48 2.31 0.97 0.77 0.49 3.22 0.82 0.80 0.86 
Range 36- 1.60- 0.97- 0.77- 0.24- 2.93- 0.82- 0.80- 0.20-
48 2.44 1.54 0.88 0.56 3.60 1.35 0.93 0.86 
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Table 23.  Mean squares from stability analyses of variance of GY and 
SY of 50 oat lines arranged in HI groups and tested in 15 
environments 
Source of variation 
Degrees of 
freedom 
Mean squares 
GY SY 
Environments 14 
Linear 1 
Residual 13 
Replications (environment) 30 
Genotypes 49 
HI groups 9 
Residual 40 
Genotypes x environments 686 
Heterogeneity of regressions 49 
HI groups 9 
Residual 40 
Deviation from regressions 637 
Error 1470 
C.V. (%) 
69.83 
944.36 
2.56 
0.61 
6.08** 
12.21** 
4.70** 
0.40** 
0.61* 
0.61 
0.61** 
0.39** 
0.32 
25.8 
114.47 
1552.65 
3.84 
1.38 
7.77** 
11.39** 
6.95** 
0.51** 
1.17** 
0.61 
1.30** 
0.46** 
0.40 
19.5 
*,**Signifleant at 5% and 1% levels, respectively. 
Figure 8. Responses of GY for three HI groups over environmental productivity indexes 
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Table 24. Mean squares from stability analyses of variance for GY of 
oat lines within ten HI groups 
Source of Degrees of 
variation freedom 1 2 3 
Environments 14 6 .08 6 .52 6 .34 
Linear 1 74 .04 83 .45 83 .67 
Residual 13 0 .85 0 .61 0 .39 
Replications (environment) 30 0. 25 0, .41 0 .18 
Genotypes 4 2, 46** 4, 58** 11. 05** 
Genotypes x environments 56 0, 25* 0. ,37 0, 28 
Heterogeneity of regressions 4 0. ,25 0. ,37 0. 71* 
Deviation from regressions 52 0. 25* 0. ,37 0. ,24 
Error 120 0. 16 0. 26 0. 25 
C.V. (%) 25. 0 25. 1 22. 8 
*,**Significant at 5% and 1% levels, respectively. 
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Group 
4 5 6 7 8 9 10 
8.28 7.46 9.44 6.36 8.37 7.83 7.25 
103.32 95.31 125.13 83.13 112.29 98.73 90.72 
0.97 0.70 0.54 0.46 0.38 0.84 0.83 
0.35 0.42 0.45 0.18 0.33 0.28 0.69 
2.49** 3.27** 0.21 2.68* 1.47** 12.06** 6.80** 
0.33 0.46 0.37 0.39* 0.28 0.68** 0.49 
0.50 0.33 0.04 0.34 0.81* 2.19** 0.54 
0.32 0.47 0.39 0.40* 0.24 0.56* 0.49 
0.36 0.33 0.34 0.25 0.30 0.36 0.61 
25.8 24.8 23.7 22.1 23.6 26.5 33.6 
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interactions were not significant (Table 24). 
The stability parameters among HI groups ranged from 0.24 to 0.56 
2 2 
for s, and 0.77 to 0.88 for r (Table 22). 
d 
Straw Yield 
SYs for the 50 oat lines were significantly variable (Table 18). 
Also, SY showed a significant genotype x environment interaction 
(Table 18). 
SY means for the nine check cultivars ranged from 1.77 to 4.77 Mg ha 
over the 15 environments and they were more or less evenly distributed 
(Table 19). When SY for the oat lines were regressed on the environmental 
productivity indexes, there was significant heterogeneity among the regres 
sions (Table 18). 
SY characteristics among NHI groups 
There was significant variability among the SY means of the ten NHI 
groups (Table 18). Means ranged from 3.10 to 3.43 Mg ha ^ (Table 20). 
Note that the range of SY means among NHI groups was only about 10% of 
the lowest value which is in sharp contrast to GY means where the range 
was nearly 50% of the lowest value. 
The means of regressions for the NHI groups ranged from 0.62 to 1.28 
(Table 20), but they did not differ significantly (Table 18). When the 
SYs within groups were analyzed individually, four groups showed sig­
nificant genotype x environment interaction, and three of these had sig­
nificant heterogeneity among regressions (Table 25). In addition, three 
groups that did not show significant genotype x environment interactions 
Table 25. Mean squares from stability analyses of variance for SY of 
oat lines within ten NHI groups 
Source of variation 
Degrees of 
freedom 
Environments 14 11.99 12.10 9.87 
Linear 1 161.01 155.25 126.72 
Residual 13 0.52 1.08 0.88 
Replications (environment) 30 0.48 0.55 0.62 
Genotypes 4 15.18** 13.20** 5.58** 
Genotypes x environments 56 0.56 0.44 0.75* 
Heterogeneity of regressions 4 0.67 2.11** 1.58 
Deviation from regression 52 0.55 0.31 0.69* 
Error 120 0.46 0.35 0.46 
C.V. {%) • 21.4 17.2 20.3 
*,**Significant at 5% and 1% levels, respectively. 
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Group 
4 5 6 7 8 9 10 
14.91 11.15 11.46 12.10 8.81 13.32 12.43 
195.75 143.43 158.61 157.61 117.99 176.49 167.34 
1.00 0.98 0.14 0.91 0.41 0.77 0.52 
0.36 0.51 0.53 0.39 0.60 0.43 0.35 
4.97** 21.08** 2.40** 7.95** 3.78** 8.39** 6.18** 
0.36 1.05** 0.60* 0.37 0.50* 0.36 0.37 
0.19 2.47* 1.80** 0.27 1.24** 1.03* 1.13* 
0.38 0.94* 0.51 0.38 0.44 0.30 0.31 
0.45 . 0.57 0.38 0.36 0.35 0.32 0.41 
19.7 24.3 19.3 18.4 18.6 17.3 19.2 
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also had significant heterogeneity among regressions. 
The stability parameters for SY of NHI groups ranged from 0.77 to 
2 2 
0.99 for r and from 0.30 to 0.94 for s^ (Table 20). 
SY characteristics among HI groups 
When the oat lines were placed into HI groups, the group means for 
SY ranged from 2.93 to 3.60 Mg ha~^ (Table 22), and there was significant 
variability among group means (Table 23). 
Mean of regression response indexes did not differ significantly 
among HI groups (Table 23). Analyses of individual groups showed that 
two had significant genotype x environment interaction and one of these 
had a significant heterogeneity among regressions. Unexpectedly, five 
groups had significant heterogeneity among regressions without having 
significant genotype x environment interactions (Table 26). The means 
of b values for HI groups ranged from 1.04 to- 1.23 (Table 22). 
2 
The ranges among HI groups were from 0.80 to 0.93 for r and from 
0.20 to 0.86 for s^ (Table 22). 
d 
Associations of NHI and HI with Adaptability Parameters 
NHI and HI were highly correlated (r = 0.69**), so they would be 
expected to show similar association with GY and SY characteristics. 
Both NHI and HI were positively and significantly correlated with 
the mean GY computed across environments (Table 27). A positive relation­
ship between NHI and productivity of oat varieties was reported by 
Rattunde and Frey (1986) also. There was no association of either NHI or 
HI with GY regression of oat lines. This is contrary to the results of 
Table 26. Mean squares from stability analyses of variance for SY of oat 
lines within ten HI groups 
Source of variation 
Degrees of 
freedom 1 2 3 
Environments 14 11 .99 9 .55 11 .02 
Linear 1 158 .61 130 .02 141 .69 
Residual 13 0 .71 0 .29 0 .94 
Replications (environment) 30 0 .26 0 .42 0, .45 
Genotypes 4 5. 87** 5, .16** 9, .61** 
Genotypes x environments 56 0. 47 0, .42 0, .36 
Heterogeneity of regressions 4 0. 73 0. 51 1. ,07* 
Deviation from regressions 52 0. ,45 0. ,41 0. 30 
Error 120 0. 35 0. 39 . 0. 37 
C.V. (%) 
• 
20. 3 19. 9 18. 8 
*,**Significant at 5% and 1% levels, respectively. 
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Group 
4 5 6 7 8 9 10 
13.17 13.58 13.94 9.72 13.14 11.13 11.80 
169.44 175.83 180.12 128.70 178.02 146.55 149.19 
1.15 1.10 1 .16 0.57 0.46 0.71 1.23 
0.54 0.69 0.39 0.55 0.27 1.02 0.65 
5.83** 6.55** 6.88** 3.43** 6.44** 1.42* 18.39** 
0.53 0.52 0.61* 0.38 0.25 0.54 1.05** 
1.09 1.40* 0.84 0.85* 0.93* 2.08** 3.50** 
0.49 0.45 0.60* 0.35 0.20 0.42 0.86** 
0.48 0.46 0.40 0.29 0.34 0.45 0.59 
20.2 19.0 17.5 17.6 19.2 20.0 23.9 
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Table 27. phenotypic correlations of NHI and HI with adaptability 
parameters of GY and SY of 50 oat lines 
GY SY 
% b r: 8% s b r: 8% d 0 
NHI 0.44** 0.12 0.11 0.06 0.00 0.00 0.12 0.15 
HI 0.43** 0.22 -0.03 0.16 0.15 0.04 -0.16 0.17 
**Significant at the 1% level. 
Rattunde and Frey (1986) who found a positive correlation between b and 
NHI of 0.58** and 0.68**. However, the independence of HI and b agrees 
with results of Fatunla (1973). He suggested that HI is a nonfitness 
trait, so, because they are so clôsely related, NHI would also be a non-
fitness trait. Neither NHI or HI was correlated with either stability 
2 2 
parameter, r and s^. 
— 2 2 
NHI was completely independent of all parameters, X, b, r , and s^, 
of SY (Table 27), which contradicts the negative association of NHI with 
—— 2 
X, b, and of SY reported by Rattunde and Frey (1986). Likewise, HI 
was not correlated with any parameter of SY. 
Relationships Between NHI and HI With Other Agronomic Traits 
The oat lines varied significantly for BY, HD, HT, GR, and TW (Tables 
28 and 29). Neither NHI nor HI was correlated with BY (Table 30), which 
indicated that significant and positive association of NHI and HI with 
GY means were independent of biomass production. Rattunde (1984) also 
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Table 28. Mean squares from analyses of variance for BY and HI of 50 
oat lines tested across 15 environments 
Source of variation 
Degrees of 
freedom 
Mean 
HI 
squares 
BY 
Environments 14 1125.87 352.90 
Replications (environment) 30 50.67 3.26 
Genotypes 49 697.70** 20.44** 
Genotypes x environments 686 47.58** 1.46** 
Error 1470 44.53 1.15 
C.V. (%) 16.8 19.7 
**Significant at 1% level. 
reported that NHI and BY were independent. Takeda et al. (1987) found 
that BY of oats was constant for HI values <45%, but when HI was >45%, 
BY decreased linearly, 
NHI was significantly correlated with HD (r = -0.36**), which 
corroborates reports by Rattunde (1984) and Fawcett and Frey (1982). 
HI and HD were not correlated in this study or in the results found by 
Takeda et al. (1980). 
Both NHI and HI were positively correlated with GR but only the 
correlation between HI and GR was significant (Table 30). In an 
earlier study by Takeda et al. (1980), these two traits were negatively 
correlated. 
HT was negatively but not significantly correlated with NHI 
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Table 29. Mean squares from analyses of variance for HD, HT, GR, 
and TW of 50 oat lines tested in variable numbers of 
replications 
Source of 
variation 
Degrees 
of 
freedom 
Mean squares 
HD HT GR 
Degrees Mean square 
of 
freedom TW 
Replications 2 2.34 239.53 0.5 14 18940 
Genotypes 49 39.10** 130.18** 337** 49 6065** 
Error 98 1.48 37.23 105 686 468 
C.V. (%) 1.6 6.5 13.9 5.0 
â —6 
Component of variance x 10 
**Signifleant at 1% level. 
Table 30. Phenotypic correlations of NHI and HI with BY, HD, GR, TW, 
and HT measured on 50 oat lines 
Traits BY HD GR TW HT 
NHI 0.06 -0.36** 0.24 0.04 -0.16 
HI 0.07 -0.02 0.36** -0.12 -0.28* 
*,**Signifleant at 5% and 1% levels, respectively. 
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(r = -0.16), a result corroborated by Md.-Kairudin (1987) who used 
data from 480 oat lines and found a significant correlation (r = -0.21*). 
HI and HT were negatively correlated (r = -0.28*) which contradicts the 
report by Takeda et al. (1980) who found no relationship between these 
two traits. 
Association Among Adaptability Parameters 
Productive capacity and production response were positively corre­
lated for both GY (r = 0.66**) and SY (r = 0.46**). These two 
parameters were found to be correlated by Eberhart and Russell (1966), 
Fatunla and Prey (1974), and Langer et al. (1979). However, studies by 
Pinlay and Wilkinson (1963) and Prey (1972) showed that these parameters 
were independent in barley and oats, respectively. If the regression 
index was used as the measure of stability, as suggested by Finlay and 
Wilkinson (1963), its positive relationship with the mean would be unde­
sirable because the genotypes with high productivities would be spe­
cifically adapted to high yielding environments. However, as used by 
Eberhart and Russell (1966), in this study, the regression response in­
dex measured the responsiveness of productivity to improving environ­
ments and, therefore, a positive relationship between X and b could be 
desirable. 
— 2 
For GY, the X was positively correlated with r (r = 0.45**), but was 
2 2 2 — independent of s, (r = -0.05). Both r and s, were independent of X for 
• d 
SY (Table 31). Langer et al. (1979), working with oat varieties, also 
— 2 found a significant and positive relationship between X and r (r = 0.30*) 
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Table 31. Correlations among GY (above diagonal) and SY (below di-
agonal) parameters of 50 oat lines tested in 15 environments 
2 2 
Parameters X b r 
"d 
X 0.66** 0.45** -0.05 
b 0.49** 0.56** 0.11 
2 
r 0.18 0.62** -0.72** 
2 
"d 
—0.01 -0.18 -0.86** 
**Significant at 1% level. 
— 2 
and no relationship between X and s^ (r = 0.17). In this study, 
— 2 
productivity and stability for SY were independent. For GY, X and r 
— 2 
were correlated, but X and s^ were independent. 
Associations among GY parameters and among SY parameters tended to 
2 
be similar. The b was highly correlated with r but independent from 
2 (Table 31). Langer et al. (1979) reported similar results, but 
since they had a third stability parameter, ecovalence, which was not 
correlated with b, they concluded that productivity response and sta­
bility of response were independent. 
2 2 
Both s^ and r measure stability of response. They were highly 
correlated for both GY (r = -0.72**) and SY (r = -0.85**), results 
that coincide with the reports by Langer et al. (1979) and Rattunde 
(1984). 
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DISCUSSION 
Among the yield characteristics, GY mean was the only parameter corre­
lated with NHI. The fact that there was no association between NHI and 
adaptability factors of oat lines to different levels of N soil contra­
dicts the results reported by Fawcett and Frey (1982) and Rattunde and 
Frey (1986). The low NHI lines that showed specific adaptation to low 
soil N used by Fawcett and Frey (1982) were of foreign origin. There­
fore, their greater grain yield in low N environment may have been due 
to specific adaptation to low productivity environments. In contrast, 
their high NHI lines were experimental strains developed in Iowa and 
cultivars adapted to midwestern USA. However, the significance of 
their study was limited because it involved only two levels of soil N 
within one year. Rattunde and Frey (1986), using the same materials 
grown across 12 environments for two years, found the high NHI lines had 
general adaptation across all environments. Since their high NHI lines 
were experimentals developed in Iowa and varieties adapted to midwestern 
USA, their wide adaptation reflects the fitness of these lines to environ­
ments of the midwestern USA. On the contrary, oat lines used in this 
study represented a wide range of germplasm including A. sterilis and 
popular spring-oat cultivars with superior agronomic traits (Murphy, 
1981). These lines were nearly normally distributed for NHI values 
ranging from 40 to 74%. Thus, since my oat lines were random genotypes 
from a diverse germplasm pool, my results, which show that NHI is not 
2 2 
associated with yield parameters, b, s^, and r , probably represent the 
true relationships involving NHI better than the varieties used by 
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Fawcett and Frey (1982) and Rattunde and Frey (1986). 
The positive relationship between NHI and X suggests that NHI could 
be used to select lines with superior yield across environments. Eagles 
et al. (1977) have suggested that selection on the basis of mean yield 
across environments would save oat lines with superior yield at all 
productivity levels. Since NHI has a higher heritability than GY and 
it has a moderately high genotypic correlation with X (Figure 9), it 
may be advantageous to use NHI as a secondary trait for indirect 
selection of productive capacity (Falconer, 1981). 
r =0.59 
w 
h ^=0.52 h^=0.27 
NHI 
'GY 
rg=0.54 
h^=0.59 h =0.27 
HI 
'GY 
Figure 9. Associations between NHI and HI with GY mean 
Using the following formula: 
CR— 
^GY ^NHI \HI 
and assuming similar intensity of selections for GY and NHI, 
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selection for NHI gave 82% as much increase in GY as selecting for GY 
mean across environments. Considering the fact that NHI is more 
heritable than GY and that it has no genotype x environment interaction, 
a higher selection intensity could be applied for NHI which would in­
crease its advantage as a secondary trait for indirectly selecting for 
GY. Furthermore, NHI can be evaluated in a single environment, but 
GY needs extensive evaluation across environments so NHI can be selected 
much more cheaply than can GY. HI, which has an equal association with 
X of GY (Figure 9), gave 80% as much gain in GY as did selection for 
GY mean itself. This result indicated that HI would be a more desirable 
trait than NHI for indirect selection, as suggested by Rattunde and 
Frey (1986). That is, HI is cheaper and more rapid to measure than 
is NHI, because determination of NHI involves protein analyses of the 
groat and straw samples and this extra work is time consuming and 
expensive. 
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SUMMARY 
N application to the soil caused greater N uptake by the oat 
plants, but this did not increase the protein content of the grain. 
Protein content of the grain was determined by NHI which was not 
affected by N availability in the soil and was independent from N 
uptake. Therefore, in the high N environment, a large proportion of 
N was left in the vegetative tissue which caused depression of NHI 
values. Its positive association with GTPY and independence from GTPP 
indicated the possibility of using NHI as a trait to breed for high 
yield and high protein oat varieties. 
The lack of association between NHI and production response and 
stability of response indicated that NHI was not associated with the 
adaptability of oat lines to diverse N environments. However, its 
positive association with productive capacity suggests the possibility 
of using NHI as a secondary trait for indirectly selecting oat lines 
with high yield across environments. 
NHI and HI showed great similarity in their association with GY 
and SY characteristics. Therefore, from the cost point of view, HI seems 
to be a more practical trait for indirect selection because its deter­
mination is much cheaper and more rapid than is NHI. 
LITERATURE CITED 
Allard, R. W. and A. D. Bradshaw. 1964. Implication of genotype-
environment interaction in applied plant breeding. Crop Sci. 
4:503-508. 
Austin, R. B., M. A. Ford, J. A. Edrich, and R. D. Blackwell. 1977. 
The nitrogen economy of winter wheat. J. Agric. Sci. 88:159-167. 
Beech, D. F. and M. J. T. Norman. 1968. A preliminary assessment of 
adaptation of semi-dwarf wheat varieties to the Ord River Valley. 
Aust. J. Exp. Agric. Anim. Husb. 8:349-357. 
Bhullar, G. S., K. S. Gill, and A. S. Khehra. 1977. Stability analysis 
over various filial generations in bread wheat. Theor. Appl. Genet. 
51:41-44. 
Bradshaw, A. D. 1965. Evolutionary significance of phenotypic plas­
ticity in plants. Adv. Genet. 13:115-155. 
Canvin, P. T. 1976. Interrelationships between carbohydrate and 
nitrogen metabolism, p. 172-195. ^ Genetic improvement of seed 
protein. MAS, NRC, Washington, D.C. 
Cataldo, D. A., L. E. Schrader, D. M. Peterson, and D. Smith. 1975. 
Factors affecting seed protein concentration in oats. I. Metabo­
lism and distribution of N carbohydrate in two cultivars that 
differ in groat protein concentration. Crop Sci. 15:19-23. 
Cox, T. S. and K. J. Frey. 1978. Nitrogen harvest index in oats. 
Agron. Abstr. 1978:50. 
Cross, R. J. and R. M. Haslemore. 1979. Nitrogen uptake and redistribu­
tion in Karama and other spring wheats. New Zealand J. Agric. Res. 
22:547-552. 
Bailing, M. J. and R. H. Loyn. 1976. Level of activity of nitrate 
reductase at the seedling stage as a predictor of grain nitrogen 
yield in wheat (Triticum aestivum L.). Aust. J. Agric. Res. 28:1-4. 
Desai, D. M. and C. R. Bhatia. 1978. Nitrogen uptake and nitrogen har­
vest index in durum wheat cultivars in their grain protein concen­
tration. Euphytica 27:561-566. 
Dubois, J. B. and A. Fossati. 1981. Influence of nitrogen uptake and 
nitrogen partitioning efficiency on grain yield and grain protein 
concentration in 12 wheat genotypes. Z. Pflanzanzucht. 86:41-49. 
88 
Eagles, H. A., P. N. Hinz, and K. J. Frey. 1977. Selection of 
superior cultivars of oats by using regression coefficients. 
Crop Sci. 17:101-105. 
Eagles, H. A., R. M. Haslemore, and C. A. Stewart. 1978. Nitrogen 
utilization in Libyan strains of Avena sterilis L. with high 
groat protein and high straw nitrogen content. New Zealand J. 
Agric. Res. 21:65-72. 
Eberhart, S. A. and W. A. Russell. 1966. Stability parameters for 
comparing varieties. Crop Sci. 6:36-40. 
Evan, L. T. and I. F. Wardlaw. 1976. Aspects of comparative physi­
ology of grain in cereals. Adv. Agron. 28:351-405. 
Falconer, D. S. 1981. Introduction to quantitative genetics. Second 
edition. Longman Inc., New York. 
Fatunla, T. 1973. Analysis of quantitative and stability traits in 
successive generation of radiated and nonradiated bulk oat popula­
tions. Ph.D. dissertation. Library, Iowa State University, Ames, 
Iowa. 
Fatunla, T. and K. J. Frey. 1974. Stability indexes of radiated and 
nonradiated oat genotypes propagated ir bulk populations. Crop 
Sci. 14:719-724. 
Fawcett, J. A. 1980. Nitrogen harvest index variation within two 
Avena species. M.S. thesis. Library, Iowa State University, 
Ames, Iowa. 
Fawcett, J. A. and K. J. Frey. 1982. Nitrogen harvest index variation 
in Avena sativa and A. sterilis. Proc. Iowa Acad. Sci. 89:155-159. 
Finlay, K. W. and G. N. Wilkinson. 1963. The analysis of adaptation in 
plant breeding programme. Aust. J. Agric. Res. 14:742-754. 
Frey, K. J. 1959. Yield components in oats. II. The effect of nitrogen 
fertilization. Agron. J. 51:605-608. 
Frey, K. J. 1964. Adaptation reaction of oat strains selected under 
stress and nonstress environmental condition. Crop Sci. 4:55-58. 
Frey, K. J. 1972. Stability indexes for isolines of oats (Avena 
sativa L.). Crop Sci. 12:809-812. 
Frey, K. J. 1977. Protein in oats. Z. Pflanzenzucht. 78:185-215. 
Grant, M. N. and A. G. McCalla. 1949. Yield and protein content of 
wheat and barley. Can. J. Res. 27:230-240. 
Hageman, R. H.» R. J. Lambert, D. Lousert, M. Bailing, and L. A. 
Klepper. 1976. Nitrate and nitrate reductase as factors limiting 
protein synthesis, p. 103-104. Iri Genetic improvement of seed 
protein. NAS, NRC, Washington, D.C. 
Halloran, G. M. 1981. Cultivar differences in nitrogen translocation 
in wheat. Aust. J. Agric. Res. 32:535-544. 
Johnson, V. A., P. J. Mattern, and J. W. Schmidt. 1967. Nitrogen 
relations during spring growth in varieties of Triticum aestivum L. 
differing in grain protein content. Crop Sci. 65:259-263. 
Johnson, V. A., A. F. Drier, and P. H. Grabouski. 1973. Yield and pro­
tein responses to nitrogen fertilizer of two winter wheat varieties 
differing in inherent protein content of their grain. Agron. J. 
65:259-263. 
Kuenzel, K. A. and K. J. Frey. 1985. Protein yield of oats as 
determined by protein percentage and grain yield. Euphytica 
34:21-31. 
Langer, I., K. J. Frey, and T. Bailey. 1979. Association among pro­
ductivity, production response, and stability indexes in oat varie­
ties. Euphytica 28:17-24. 
Lewontin, R. C. 1957. The adaptation of population to varying environ­
ments. Cold Harbor Spring Symp. Quant. Biol. 22:395-408. 
Loffler, C. M. and R. H. Busch. 1982. Selection for grain protein, grain 
yield, and nitrogen partitioning efficiency in hard spring wheat. 
Crop Sci. 22:591-595. 
Martinic, %. 1973. Wide-general vs. narrow-specific adaptation of 
common-wheat varieties, p. 451-468. ^ E. R. Sears and L, M. S. 
Sears (eds.) International Wheat Genetics Symposium, 4th, Uni­
versity of Missouri, Columbia, Missouri, 6-11 Aug 1973. Missouri 
Agricultural Experiment Station, Columbia, Missouri. 
Matsuo, T. 1975. Adaptability, stability, and productivity of varie­
ties in crop plants. p. 173-177. Ini T. Matsuo (ed.) Adaptability 
in plants. Univ. of Tokyo Press, Tokyo, Japan. 
McNeal, F. H., M. A. Berg, and C. A. Watson. 1966. Nitrogen and dry 
matter in five spring wheat varieties at successive stages of 
development. Agron. J. 58:605-608. 
McNeal, F. H., G. 0. Boatwright, M. A. Berg, and C. A. Watson. 1968. 
Nitrogen in plant parts of seven spring wheat varieties at succes­
sive stage of development. Crop Sci. 8:535-537. 
90 
Md.-Kairudin, N. 1987. Part I. Soil N availability and nitrogen harvest 
index of oats. In Nitrogen harvest index as a selection criterion in 
oats. Ph.D. dissertation. Library, Iowa State University, Ames, Iowa. 
Murphy, J. P. 1981. Comparisons of populations of oats (Avena sativa L.) 
developed by intra- and interspecific hybridization. Ph.D. disserta­
tion. Library, Iowa State University, Ames, Iowa. 
Oka, H. T. 1975. Breeding for wide adaptability, p. 177-185. T. 
Matsuo (ed.) Adaptability in plants. University of Tokyo Press, 
Tokyo, Japan. 
Okuno, T. and S. Hirosaki. 1975. Use of adaptability indices, p. 185-
193. ^ T. Matsuo (ed.) Adaptability in plants. University of 
'okyo Press, Tokyo, Japan. 
Perkins, J. M. and J. L. Jinks. 1968. Environmental and genotype-
environmental components of variability. III. Multiple lines 
crosses. Heredity 23:339-356. 
Peterson, D. M., L. E. Schrader, D. A. Cataldo, V. L. Youngs, and D. Smith. 
1975. Assimilation and immobilization of nitrogen and carbohydrate 
in oats, especially as related to groat protein concentration. Can. 
J. Plant Sci. 55:19-28. 
Pfahler, P. L., H. H. Luke, and R. D. Barnett. 1983. Stability parame­
ters for forage production and quality in rye (Secale sp.). Z. 
Pflanzenzucht. 90:42-55. 
Pinthus, M. J. 1973. Estimate of genotypic values; A proposed method. 
Euphytica 22:121-123. 
Rattunde, H. F. 1984. Nitrogen harvest index in oats (Avena sativa L.): 
Its repeatability and association with adaptation. M.S. thesis. 
Library, Iowa State University, Ames, Iowa. 
Rattunde, H. F. and K. J. Frey. 1986. Nitrogen harvest index in oats: 
Its repeatability and association with adaptation. Crop Sci. 26:606-
610 .  
Spratt, E. D. and J. K. R. Casser. 1970. Effects of fertilizer-nitrogen 
and water supply on distribution of dry matter and nitrogen between 
the different parts of wheat. Can. J. Plant Sci. 50:613-625. 
Takeda, K. and K. J. Frey. 1979. Protein yield and its relationship to 
other traits in backcross populations from an Avena sativa x A. 
sterilis cross. Crop Sci. 19:623-628. 
Takeda, K., K. J. Frey, and D. B. Helsel. 1980. Contribution of growth 
rate and harvest index to grain yield in Fg-derived lines of oats 
(Avena sativa L.). Can. J. Plant Sci. 60:379-384. 
91 
Takeda, K., K. J. Frey, and T. B. Bailey. 1987. Association among 
grain and straw yield, yield component, and other traits in Fg-
derived lines of oats. Iowa State Journal of Research. In Press. 
Terman, G. L. 1979. Yields and protein content of wheat grain as 
affected by cultivar, N, and environmental growth factors. Agron. 
J. 71:437-440. 
Verma, M. M. and D. S. Virk. 1983. Regression analysis for varietal 
adaptation. Crop Improv. 10(2):67-78. 
Welch, R. W. and Y. Y. Yong. 1980. The effect of variety and nitrogen 
fertilizer on protein production in oats. J. Sci. Food Agric. 31; 
541-548. 
Wiggans, S. C. and K. J. Frey. 1956. Nitrogen uptake in oats. Iowa 
Acad. Sci. 63:266-273. 
92 
ACKNOWLEDGMENTS 
I gratefully acknowledge the painstaking efforts and guidance of my 
major professor. Dr. K. J. Frey, throughout my graduate study at Iowa 
State. Sincere appreciation is extended to Mrs. Frey, for her constant 
concern and caring during my five-year stay in Ames. Dr. and Mrs. Frey 
have been a continued source of encouragement in completion of my gradu­
ate program. 
I would like to thank Drs. R. E. Atkins, R. G. Palmer, P. N. Hinz, 
and M. D. Simons for serving on my graduate study committee, and Dr. 
John Pesek for standing in during my thesis defense. 
Thanks are due to the past and present oat project personnel for 
their assistance and friendship. Special recognition goes to Fred 
Rattunde for being such a good listener during the preparation of this 
manuscript. 
Special thanks go to Dr. Jalani Sukaimi and Dr. Zakri A. Hamid, for 
their advice and continued support throughout my educational program. 
I am indebted to my American mother, Mrs. Brindley, and her family. 
They have made my stay in Ames a memorable experience. 
This work is dedicated to my sisters, Norihan, Norlida, and 
Norizah, and my brothers, Azmi, Abdul Aziz, Zulkifly, and Mohd. Asri. 
It hasn't been easy to be away from home. 
A special dedication of this work is to my Pakistani sister and 
brother, Rubina and Azhar. Their love and caring are highly appreciated. 
93 
Most of all, this work is dedicated to my beloved mother and 
father, Maimon Haji Yatim and Mohd. Khairudin Haji Ali. I am very 
grateful for their love, prayers, and the continued confidence they 
have vested in me. 
Finally, gratitude is owed to Universiti Kebangsaan Malaysia, for 
providing me with financial support. 
